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ABSTRACT 

We have measured Che race of crack propagaCion as a func- 
tion of frequency in Rlpling Cype specimens of aluminum 
2014-T6.  IC was observed chaC Che race of crack propagacion 
was decreased from 1.7 x 10"5 in/cycle Co 1.2 x 10"6 in/cycle 
when Che frequency is increased from 1 Co 20 cycles/second. 
IC was also observed Chac Che ploC of crack lengCh vs. number 
of cycles is linear indicaCing a conscanC race of growCh up Co 
a crack length of one inch. The effecC of prescressing 
followed by aging at 2S0oF for 2 Co 4 hours was Co decrease 
Che rate of crack propagacion from 1.02 x 10"" Co 9.8 x 10'^ 
in/cycle. This shows Chat prescressing followed by aging has 
a beneficial effecC on Che crack growCh resistance of aluminum 
2014-T6. 

CenCer notched specimens of titanium (6 AI-4V) were 
tested in tension under • cyclic stress of 7,000 to 28,000 psi. 
In the untreated specimen, the crack started to grow after 
50,000 cycles. However, in the specimen which was prestressed 
100,000 psi and the surface layer removed, the rate of crack 
propagation was scro. This shows that prestressing and sur- 
face removal has a beneficial effect on titanium (6 AI-4V). 
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FOREWORD 

This report was prepared by the Denver Division of Martin Marietta 
Corporation Under U. S. Army Contract No. DAAC A6-70-C-010?. The 
contract Is sponsored by Advanced Research Project Agency under 
ARPA Order No, 188-0-7400 and is being adminstered by the Army 
Materials and Mechanics Research Center, Watertown, Massachusetts, 
with Dr. Eric B. Kula, AMXMR-RM, serving as Technical Supervisor. 
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INTRODUCTION 

Under this contract, we are investigating the effect of 
surface layer on the rate of crack propagation and based on 
this knowledge we propose to improve the crack propagation 
resistance of metals used in pressure vessels. The qualifica- 
tion of pressure vessel hardware is usually achieved by the 
proof test method. The maximum sise of the flaw that is pre- 
sent can he predicted from fracture mechanics. However, cracks 
can grow below the critical stress Intensity Kc and can cause 
leak failure. Therefore, the subcritical crack growth charac- 
teristics of metals are Important In pressure vessel material 
selection. An evaluation of the crack growth rate under sus- 
tained or cyclic loading under the service stress gives a 
measure of reliability of the hardware. 

The evidence that surface layer Is Important in crack 
pcopagation race may be obtained by measurements of fatigue 
life and surface layer stress In a vacuum environment. It is 
well established that the fatigue life of metals Is much 
greater In vacuum than under atmospheric conditions. The rate 
of crack propagation la much slower under vacuum and thus the 
number of cycles required to propagate a crack Is increased. 
He have meesured the surface layer stress of titanium (6 AI-4V) 
under corroalve environment and found it is much greater than 
that under atmospheric conditions. Further, the rat« of 
relaxation was also much slower. 



II.  EXPERIMENTAL RESULTS 

We have procured 1/8" thick sheet of aluminum 2014-T6 
alloy. A calculation shows that in order to get away from 
the and  effects and get crack propagation below the yield 
stress, the minimum width of the sheet required for center 
notched specimens is 6".  The capacity of our MTS system is 
only 6,000 pounds.  Therefore, we have decided to use the 
Ripling M-4 specimen for aluminum 2014-T6. Another advantage 
of the Ripling specimen is that the taper keeps the stress 
intensity K constant and independent of the crack length. 
Ripling type specimens as shown in Figure 1 were machined 
out of the sheet stock. A portion of the sheet stock was 
cut into blanks 6" x 6" and prestressed to 33,000 psi and 
later Ripling specimens were machined out. These specimens 
will be referred to as prestressed specimens. All the speci- 
mens were stress relieved and electrolytlcally polished to 
remove 0.005 from the surface. A starter flaw was Introduced 
with a file and Jeweler's saw. The specimens were loaded In 
a MTS machine. A special loading jig was designed and manu- 
factured to prevent buckling of the specimen. Lubricated 
teflon was used to minimise friction between the backing 
plate and specimen. The MTS machine was programmed to cycle 
the load between two limits. The effect of changing the 
frequency of loading In a typical test Is shown In Figure 2. 
It is observed that the rate of crack propagation da/dH, 
where da Is the change In crack length with a change In the 
number of cycles dN, decreases from 1.7 X 10*5 In/cycles to 
1.2 X 10*5 In/cycles when the frequency of the applied load 
Is increased from 1 to 20 cycles per second. It la also 
observed in Figure 2 that the plot of crack length vs. number 
of cycles 1* linear Indicating a constant da/dH which means 
that the K value Is Independent of the crack length. Therefore, 
all measurements were confined to the first one Inch of crack 
length. The effect of prestressing 33,000 psi and surface 
removal (SSR) on the rate of crack propagation Is shown In 
Figure 3. It is observed that SSR treatment increases da/dN 
from 1.03 X 10'6 to 1.14 X 10'6 Inch/cycle. The effect of 
prestressing followed by aging at 250oF for two and four 
hours in .ilso shown in Figure 3. It is observed that pre- 
stressing followed by aging definitely reduces the rate of 
crack propagation from 1.03 X 10-6 to 9.8 X 10-7 Inch/cycle. 
We h-r « prrviotisly shown that the fatigue life of aluminum 
7075-T6 was increased by a similar treatment. 



We have measured the rate of crr.ck propagation in titanium 
(6 A1-4V) Ripling specimens. The crack did not remain on its 
path and had strong tendency to veer off to one side or the 
other. Grooving procedures were employed without much success. 
Therefore, we have decided to test the titanium (6 AJt-4V) 
alloy in tension. Center notched specimens as shown in 
Figure 4 were machined out of 0.067" sheet stock and annealed 
at 1300oF for one hour. Another batch of specimens was pre- 
stressed to 100,000 psi. The surface of all the specimens 
was electrochemically polished. The specimens were drilled 
with an 1/8" drill and starter cracks were put in with a 
jeweler's saw. The specimens were loaded in a MTS machine. 
The crack length as a function of number of cycles for speci- 
mens cycled under a load (28,000 psl - 7,000 psl) Is shown in 
Figure 5. It Is observed that In untreated specimens, the 
starter crack starts propagating In 50,000 cycles and the 
rate of crack propagation increases with crack length. How- 
ever, for the SSR treated specimens the starter crack did not 
propagate at all even after 1,000,000 cycles. This shows 
that SSR treatment is beneficial. At present we are Increasing 
the stress to compare the rate of crack propagation in the 
untreated and SSR treated specimens of titanium (6 AÄ-4V). 
In the case of aluminum 2014-T6 we are Increasing the amount 
of prestress to see If there Is any beneficial effect on the 
crack propagation resistance. In our previous work on 
7075-16 aluminum, it was found that the fatigue life increased 
with increasing prestress, up to the proportional limit. 
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Ma hava aaaawrad tha rata af crack rrapagattaa aa a faacKUa af fra^aaacy la 

Ktpltf« iff «paclawaa af alMlnM 2014-TA.    It waa akaarva^ that tba rata af crack 
frafa§Btlaa aaa d«craaaad froa 1.7 s 10** la/cycla ta 1.2 a 10"* la/cycla «dwa tha 
frataaagf la leeraaaad fraa 1 ta 20 cyclaa/aaca^.    It «aa alaa akaanpad chat tka 
plat af crack ta^tk va. aiakar af cyclaa ta llaaar ladtcatlat • canauat rata af 
groatk at to a crack U^tk af mm lack.    Iha affact af yraatnaalat fallawad by 
afl^i at tSO^r far 2 t«» 4 kaara «aa ta dacraaaa tka rata af crack ^rapatatlaa fraa 
1.02 m JO'* ta f.t a 10*7 la/cfctc.   Tkla akaaa tkat praatraaalag fclloacd by aging 
kat a kamflelal affect en «ha crack grawth raalataaca af almtnua 2014-Tk. 

Caatar aatcbad apactaana af tttanttai (ft A4-4f) «ara taatad In tanataa under a 
cyclic fttraaa af 7,000 ta 20.000 gal»    In tha uncreated •faciaaa. tha crack aurtad 
ta grav after 50,000 cyclaa.   Mewaear, la tkc ipectarn afcick «aa graatraaaad 100,000 
pal and tha aarface layer raawvad, the rate af crack prapagatlan effect on cttaala« 
(ft Ä4-4V). 
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